The multiple-breath washout (MBW) test is commonly used as an outcome measure in research studies, and evidence is accumulating in support of its clinical utility to identify early lung disease and monitor disease progression. At present, the MBW test is combined with traditional pulmonary function tests, such as spirometry. Forced expiratory manoeuvres may have the effect of mobilising secretions and could affect distribution of ventilation; therefore, MBW is conventionally performed prior to spirometry. In infants with lung disease, forced expiratory manoeuvres using the raised volume rapid thoracoabdominal compression technique were associated with a significant decrease in the lung clearance index (LCI) [1] . If these physiological effects are related to the forced expiratory manoeuvre, spirometry conducted in school-age children with cystic fibrosis (CF), in whom mucus plugging and inflammation are more pronounced, could likewise influence ventilation homogeneity and thus LCI. However, performing MBW prior to spirometry presents logistical challenges and may impede the implementation of MBW into clinical practice. Therefore, we conducted a prospective study to determine the effects of forced expiratory manoeuvres on MBW outcomes in school-age children.
Children between the ages of 6 and 18 years with CF, admitted to the hospital for treatment of acute pulmonary exacerbation, were enrolled. This inpatient study population was purposely selected to maximise the effects of forced expiratory manoeuvres. Pulmonary function tests were performed after 7 days of a 14-day course of intravenous antibiotic therapy, when symptoms returned to baseline, and at least 2 h after bronchodilator use. The study was approved by the Research Ethics Board of the Hospital for Sick Children (Research Ethics Board number 1000051399); informed consent or assent was obtained where applicable.
MBW measurements were performed using the EcoMedics Exhalyzer D (EcoMedics AG, Duernten, Switzerland) before and immediately after spirometry. Each participant performed MBW in an upright position, wearing a nose clip, breathing through a mouthpiece. MBW outcomes were reported if at least two technically acceptable trials were collected [2] . Spirometry was performed using the Easy on-PC (ndd Medizintechnik AG, Zurich, Switzerland) according to the criteria of the American Thoracic Society and European Respiratory Society [3] . Spirometry values were converted to % predicted and z-scores using the Global Lung Function Initiative reference equations [4] .
Characteristics of the study participants were reported as median and interquartile range (IQR) for continuous variables and frequency for categorical variables. Wilcoxon signed-rank tests were used to compare MBW outcomes before and after spirometry. A Bland-Altman plot was used to assess bias. Statistical analyses were performed using Stata 14.2 (StataCorp LLC, College Station, TX, USA). ) compared to the overall CF population at our centre. Overall, there was no significant difference observed in LCI before and after spirometry (mean difference 0.04, 95% CI −0.54-0.63; relative difference −2.0%). The magnitude of the difference was minimal, and within the variability of LCI observed within a test occasion ( as well as within the previously reported between-test reproducibility of the test (±15%) in healthy preschool children [5] and stable school-age CF children [6] . Similar results were observed for functional residual capacity (mean difference 0.01 L, 95% CI −0.05-0.08 L; relative difference 1.9%) and cumulative expired volume (mean difference −0.11 L, 95% CI −1.31-1.10 L; relative difference 0.6%).
The observed findings are consistent with a previous study that demonstrated no short-term effects of physiotherapy on MBW outcomes [7] . Although the patient population was specifically selected to represent patients with more pronounced mucus and inflammation (i.e. immediately following an acute worsening of symptoms requiring intravenous antibiotics), these results may not be generalisable to all patients seen at routine clinic visits. The sample size used for this comparison is limited; nonetheless, we do not wish to make inferences about the population. Indeed, to conduct a non-inferiority trial that the LCI measures within 0.04 units are not different, we would need a study sample size of >1000 subjects [8] . These data suggest that spirometry does not have a short-term effect on MBW outcomes in school-age children with CF, thus allowing greater flexibility to implement MBW measurements into clinical practice. 
